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I I - ABSTRACT

I Planning in all areas under study has been completed.

Equipment set-up has been completed except in those areas where refine-

ment modifications are necessary.

Previous control production runs have been evaluated and the affected

I areas of study have been finalized where possible. Additional studies are

or have been initiated to standardize the remaining areas of interest.
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I II.- PURPOSE

The purpose of this measure is to:

1. Direct efforts toward improving production techniques to improve

the reliability of the 2N1430 Germanium transistor using as an objective a

maximum operating failure rate of 0.05% per 1000 hours at a 90% confidence

level of 25 0C.

2. Improve the areas of resistivity control, etch pit control,

uniform penetration in diffusion, depth control in alloying, spreading and

wetting in alloying, collector attachment, surface passivation, final

preparation prior to sealing, gettering technique, and leak determination

in order to approach the above objective.

3. Provide information and data to demonstrate the results in the

areas of study.

4. Establish and maintain quality control measures to insure

accuracy and reliability of the established process techniques.
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III - RELIABILITY )XPROVEMMNT PROGRAM NARRATIVE (CONTINUED)

1.1.1. Resistivity Control - F. Arden & H. Sivik

The study o:f certain growth conditions for preparing
germanium crystals with tight radial and vertical resistivity
gradients was continued in this quarter. Thirteen additional
crystals were prepared utilizing both the N.R.C. and the
floating crucible furnaces.

Nine crystals were grown on the N.R.C. furnace, two of which
are production crystals included for camparioý FrCm Table]
it is seen that 6 out of the 7 crystals grown 'the torus show a
low vertical resistivity gradient, and an uncontrolled radial
resistivity gradient. Obviously, otium furnace conditions were
not obtained. The low vertical gradient was unexpected and may
have been partly due to the small crystal diameters. Future
emphasis, however, will be placed on larger diameter and longer
crystals for production.

Repairs to the floating crucible furnace were completed. A total
of 6 crystals were grown. As shown in Table= five crystals
(Nos. 11 through 15) were grown consecutively on this furnace
with or without the graphite torus. The objective was to
determine the yield, resistivity control and dislocation control
capability of the floating crucible furnace. Dislocation
control is discussed in Section 1.1.2. An 81% yield of single
crystal was realized in the 2Q-10 ohm cm range based on net
weight. The remaining 19% of crystal weight was 15% and 14% in
the 23-20 and 10-8.4 ohm cm ranges, respectively, Each crystal
was 13 to 114 inches long as shown in shadowgraphs in Fig. 1.
An attempt was made to maintain crystal diameter 3/4 to 7/8"
during the series. Generally, about 11 Inches of each crystal
wan of desired resistivity. The variation of the vertical
resistivity gradient was narrow and calculated to be less than
2% per linear inch (or about 1/2 ohm cm per linear inch).
As a comparison production crystals made on the N.R.C. furnace
usually show over 5% vertical gradient per linear inch and
"a yield of less than "% in this resistivity range. Thus,
"a significant improvement in the vertical gradient was
accomplished in fulfillment on one of the contracts'
objectives.

Fo the next quarter, a study of other growth parameters
will be made. In previous runs, the inner crucible contained
a .093 inch capillary. The effect of a different diameter
capillary will be investigated. The capillary controls
the distribution of dopant in both crucibles. Ideally, no
redistribution of dopant is desired via either diffusion or
mass transfer phenomena. If the capillary is too large,
molten germanium will flow in both directions ond the resulting
resistivity profile of the crystal will approach that of a
crystal grown from a single crucible.



- RELIABILITY IMPROVEMENT PROGRAN NARRATIVE (CONTINUED)

1.1.1 Resistivitx Control (cont'd)

Also, in the next auarter, the effect of angular seed rotation
and pull soeed on the effective segregation coefficient will be
investigated. The object is to enhance distribution of dooant
at the solid-liquid interface in order to decreame the radial
resistivity gradient. Thus, it is nronosed to increase angular
seed rotation and to decreaNe pull sneed in order to maintain
the C> Co condition; where C = Concentration of dopant in the
inner crucible and Co = Concentration of dopant in the outer
crucible.

Conc lus ion:

Significant improvements in yield and the vertical resistivity
gradient were demonstrpted by use of the floating crucible
furnace.

Program for Next Ouarter

Grow a series of crystals to a specified resistivity range
for a production run.

Investigate effect of capillary diameter in the floating
crucible.

Investigate effect of angular seed rotation and Dull seed.

1.1.1.1 Optimization of Resistivity & Etch Pit Ran es

Recomendations:

As explained in full detail in the body of this discussion,
our findings in the resistivity - etch pit optimization
experiment lead us to put forth the following recomndations:

In view of the newly proposed and tighter specification@ on the
2N1430 type transistor, use:

I. Resistivity 10 - 20 ohm-cm. 2

2. Etch pit count 1000 - 2000 pits/cm

Introduction:

Work performed during this quarter was devoted to optimizing
the resistivity - etch pit combination for the 10 Ap nArP
2N1430, type transistor. In order to obtain the manximum
amount of information out of a given number .of data points,
as well as the most precise estimate of experimental error,
the so-called Factorial Design was utilised. When the
requisite con ditions have been met, this type of design will
give information not only on the effects brought about by the
individual input variables, but also it will point out first,
second, and higher outer interactions, if any, among the
variables.
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III - .ETIABITITY IMPROVEMENT PROGRAM NARRATIVE (CONTINUED)

1.1.1.1 Optimization of Resistivity & Etch Pit Ranges tcont'd)

To briefly show why the factorial design is more efficient,
we shall present the following example: We wish to study
the effects of changing the temveratures and the oressures

in a given exneriment. The clARic wY to do this is by
the "one-factor-at-a-time" method, illustrated in Figure A.
Here we get first a measurement at T1 P1 . We now change the
temperature only to obtain a noint at T2 P1 . Then we change

the pressure only. and iet a reading at TP... To estimate
the effect of temonrature. we consider the aifference
(2) - (1V and to estimate the effect of the pressure, we

"look at the difference (3) - (l., Because of experimental
error, we might wish to confirm our results by duplicating
the same experiment. Thus, six (6) observations would be
required to make two comparisons each on the temperature
and pressure effects. Note also that we have no informa-
tion whatsoever on possible interaction between the variablos.

Ruppose, now, that we were to add one more observation to
the original 3 by completing the square; in other words, by
obtaining one measurement after havinn changed both the
temperature and the Pressure. This is shown in Figure B
as T 2 P. To jstimate the effect of temperature, we can
now compare r(2) - (7)] and [(4) - (3'N • imilarly to
estimate the 9qfect of pressure, we can comoare 73) - (1ý
and E(4) -2)j . As can be seen, we were able to make
two comparisons each on temperature and oressure effects
with only four observations (as contrasted with six observations
for the one-factor-at-a-time design). There is, in addition,
a further benefit: whereas the "one-factor-at-a-time" gave
us no clue as to Possible interaction between the variables,
the factorial exueriment doea bring this out most natunally
by compring 1 l) 1 (42] - 7(2) 1 (3)]

£ (3) (3) ~

Change one factor Factorial Design

at a time.

Figure A Figure B
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i III - RRIIABILITY IKPROVTWMNT PROGCAR NARRATIVE (CcMTINUED)

1.1.1.1 Qptimization of Resistivity & jtch Pit Ranges (cont'd)

j Smary:

I. ai The "one-factor-at-a-time" designuems only part of the
observatiolts to estimate an effect.

b) The factorial desisnuses all of the observations to
estimate eAch effect.

II. a) The "one-factor-at-a-time" design cannot reveal
anything about interaction between the factors.

b) The factorial design is eminently suited to
point out interaction among the variables.

The Design:

ror a factorial design in which some (or all) of the factorR
Are ruantitative in nature, it is possible, and indeed
desirable, to anklyze the data to see whether the various
levels of the input variable constitute a linear, or a
quadratic, or a cubic, etc., relationship. This can be
most conveniently handled by the use of orthogonal
polynomials*, since for this type of polynomials, the
necessary constants have been precalculated and tabulated.
However, one of the requirements for the use of this
table is that the points at which the data is read be
equally spaced. If this cannot be done conveniently,
then one has the alternative of making the ratio of the
consecutive points be constant and then a*alyze the
lo~arithm -since the logarithms of numbers having a
constant ratio are equally spaced.

With these points in mind, a matrix was designed, and it
is shown in Figure C. It can be observed that the resistivities
are equally spaced, while it is the logarithms of the etch
pits that are equilly spaced.

In order to insure that only the correct resistivity -
etch pit combination vent into each cell of the matrix,
the individual slices were checked for resistivity on the micro-
wave set and the measurements were corroborated with the
four-point probe making certain that the correction factors
for thin slices were rpplied as required. Also, the dislocation
etch-pits were counted on the individual slices. The wafers,
then were categorized and identified with their corresponding
cell in the matrix (such as 4A, 3C, etc.). Following this,
they were sibjected to the normal manufacturing process in
accordance with current specifications governing the various
operations. The units were then properly aged and electrical
data was obtained on a Type 575 Curve Trader.

* SEE O.L. Davies - "Design and Analysis of Industrial Experiments" Hafner
Publishing Company, New York, 1956, Appendix 8C, Page 344 et seg.
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I III - RELIABILITY IMPROVEMENT PROGRAM NARRATIVE (CONTIN110)

1.1-1.1 pQtimization of Resistivity & Etch Pit Rdnges (coi~t'd)

f A sufficient quantity of units was started to insure
that at least 20 good units would be availab]o for each

cell of the matrix (required: 12 x 20 a 240 tiits).

Resistivity
P 2 ohm-cm

1 _ -

5 0 - 2

P/ 7' foo

IC,

_ L0 00 _ _

Matrix
Figure C

Analysis:

One of the underlying assumptions in an analysis of variance
is that the variances of the different groups must be
homogeneous (as established by an "F Test" or a "Bartlett

Test") l) In addition, it is always a good policy to look at the
data pictorially to quickly judge whether any peculiarity

can be spotted in the measurements. It is wvll known that
the arithmetic average is an efficient estimator of the
central tendency of the unddrlying population. Unfortunately,
it is unduly influenced by extreme values. Furthermore, in
order to obtain confidence limits. one must assume something

about the shape of the population. The median, (the middle
value of the ordered data), on the other hand, is a somewhat

less efficient estimator. However, it has two important

assets; namely, (1) it is relatively insensitive to extreme
values, and (2) it is possible to make confidence statements
about it with no assumption about the underlying distribution
of the pqjylation, except that the observations are on a continuous
variable . For these reasons, we plotted the medians of

these siSnificant electrical parameters, along with 95% con-
fidence limits. Figures D, E, and F show the following as
far as can be judged from the confidence limits:

(1) SEE O.L. Davies

(2) SEE Dixon and Maay "Introduction to Statistical Analysis" McGraw Hill,
Second Edition, 1957, Page 294.



I
III - RELIABILITY IMPROVEMENT PROGRAM NARRATIVE (CONTINUED)

1. 1. 1. 1 _ptiTýzation of Resistivity & Etch Pit .Ran.se (cont'd)

I. 1 CBO - There appears to be homogeneity of the variances
and therefor an analysis of variance would
appear appropriate.

2j, BVCER - It is not possible to say, off-hand, whether

homogeneity of variance exists and a Bartlett

Test is indicated.

3. 1B - The variances are obviously non-homogeneous,

and an analysis of variance would not be
justified.

Resul ts:

1. An analysis of variance was performed (attached) and it
reveals no significant difference between the various
levels of the variables as evidenced by the ICBO 1. 5 V.

2. A Bartlett Test (attached) shows the data on the BVcER
does not exhibit homogeneity of variance, and thereflore,

an analysis of variance is not justifiable.

Con lug ion:

The newly proposed specification limits for the various
parameters were drawn in on the graphs (Figure D,E, and F)
and based on them , the following conclusions were drawn:

I. ICBO All the groups meet the requirements.

2. IB The following groups meet the requirements:

1B, 33, 4B, 2C, 3C, and 4C

3. BVcER The following groups meet the requirements:

2A, 3A, 3Cand 4C

The groups fitting all three requirements are therefore:
3C and 4C

One recommendation, therefore, is to consider groups 3C and 4C
as the optimum etch pit - resistivity combinations. In terms
of actual units this means:

10 - 15 ohm-cmU 1000 - 2000 etch pit/cm2

15 - 20 ohu-cm

Status:

In view of the great variability encountered within the groups,
it appears desirable to obtain a confirmation of our present
results and at the sam time to extend further our investigation:
this time the low resistivieies (loes than 10 ohm-cm) and the
low etch-pits (less than 1000 pits/cm 2 ) will be dropped in favor
of new categories on the high side (resistivities larger than
20 ohm-cm and etch-pits larger than 2000/cm2 ).
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j This test will be applied to the BVCER data.

Let us define the following terms:

S21 i variance of the i'th category.

i = 1, 2, 3----k x number of categories, up to k

Mi = number of observations in the i'th category

N :•,l ni z total number of readings

S2p ZA~

M = (N-k) lu S2p-

lu : logarithm the base e - 2.72

A* 1/3 (k-1)( (,J -

V I k-l x degrees of freedom of the numerator in the F-test.

V2 * k/1/A2 a degrees of freedom of the demominator in the F-test.

b * V2 /l-A' (2/V 2 )

Then we compare F 2 V2 N/V 1 (b-K) to the value tabulated in an F-table.

Applying this to our BVcLR data, vs find:

Category (Mi-l)S 2 i s 2 i lu S2 1

1A 7,048 793 6.66
1B 855 95 4.55
IC 8,455 938 6.83
2A 6p716 742 6.60
2B 14,240 1581 7.36
2C 9,428 1046 6.94
SA 17,890 1986 7.57
3B 11,272 1251 7.14
3C 13,944 1548 7.33
4A 3,259 361 5.89
4B 3,962 440 6.08
4C 34,932 3877 8.26
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Bartlett's Test -. 1.1.1.) (cont'd)

S2p a 132,001/120-12 - 1,222 lu S2p a 7.12

M a (120-12) 7.12 - 9 [81.21J 768.96 - 730.89 u 38.07

A - 1/3(12-1)L12/10-1 - 1/120-12] . 1/33 [1.33 -. 009] - .04

VI -- 12-1 x 11

V2 a 12,l/(.04)2 a 13/.0016 8,125

b - 8,125' 1-.04 # 2/8,125 a 8,463

F x 8P125 (38.07),' 11 (8,463 - 38.07) a 3.34

From an F-table, with degrees of freedom fland oo, we find:

F. 9 5 x 1.79

F. 9 9 : 2.25

We may conclude that, at the 99% confidenco level, the variances are not
homogeneous.
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ANALYSIS OF.VARIANCE 1.1.1.1)

(Measurementa are in milliamperes)

Resis tivity _-

1 ___2__ __4- -Row Total

.03 .03 1.03 .04 .7 .04 .06
! .04 .el 1 .03 .05 .o5 .0A .o5

.A 4 .17 .04 .04 .05 .A4 .o5 .08
005 .03 .05 .05 .05 .07 .05 .05

A o A .o5 .o6 .o5 .05 .o .4 A .06 38A .03 .03 .05 .05 .05 .04 *04 ,06 ,8

.05 .02 .07 .o6 .o4 .05 .05 .05

.02 .04 .05 .04 .05 .04 04 .06

.03 .04 .O6 .02 .05 .04 :05 .03

.02 .03 .04 .03 .05 .03 .05 .07

11Sub-total 0.91 0.92 0.95 - 1.0

.03 .03 .06 .o4 .o5 .A4 .04 .06
.05 .02 .o4 .o4 .05 .20 .05 .06
• 003 .11 .23 .05 .04 .05 .05 .06
S.07 .02 .03 .11 .05 .05 .05 .05

B .03 .04 .04 .04 .04 .05 .05 .05 3.88
.03 .03 .05 .04 .04 .04 .06 .06

0 .02 .02 .04 .03 .05 .05 .05 .05
6- .02 .02 .03 .03 .04 .04 .o6 .04

.03 .03 .05 .03 .05 .04 .05 5

.02 .02 .04 .06k .o5 .05 .06 .06
Sub-total 0.67 1.08 1.07 1.06

.05 .03 .03 .03 .09 .04 .04 .06

.15 .03 .05 .04 .04 .o5 .05 .07

.03 .06 .05 .04 .07 .05 .05 .05

.04 .03 .04 .0o .05 .04 .04 .05

.09 .04 .03 .05 .04 .03 .06
.03 .03 .04 :04 .05 .04 .05 .05 3.80
.03 .02 .04 .08 .05 .05 .04 .05
.05 .25 0.4 .03 .05 .04 .05 .04
.02 .02 .03 .03 .08 .04 .03 .04
.03 .03 .05 .04 .04 .04 .04 .04

Su-ttal 1.06 0.81 1.00 0.93,_
Grand Total

Col- 2.64 2.81 3.02 3.01 11.48
Totals I
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Each oell has 20 observations, and therefore, the total number of observations

is 20 X 12 P 240. Let us now calculate the correction factor.
cap. - (11.48) 2/24,0 - 131.79/240o..59.,

Sum of Squares, Total a (.03)2 + (.04)2 . ........ * ('04)2 * (.04)2 -C..

a .724 - .54,9 a .175

Sm of Squares Between the 12 Means

+ * (.9)2 (+ 9)2 +(1.00) (9)2 C - .557 5 -

20 20 20 20

Sum of Squares for Rows
"(3.80) 2 +.80)2 - c.. 9- .54 9 .549 0oo0

80 80 80

Sam of Squares for Columns

(2.64) - - - (3.01)2 - c.?. - .551 - .5149 - .002
60 60

A N 0 V A (Analysis of Variance)

Source of Variation of Dogzreo of
t &e Freodom Mean Square F Ratio F. 95

Between Rowe (Etch-Pit) .000 2 .000 <1 3.00

Between Columns (Resistivity) .002 3 .0006 <1 2.60

Interaction .006 6 .001 1.4 2.10

Sub-total (Between the 12 Mean, .008 1 .0007 1.0 1.79

Within Observations (Error) .167 228 .0007

Total .175 239

From this analysis it appears that, at the 95% confidence level, there is no

significant difference between the various categories.
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I
II - RIABILITY DROVDEWNT PROGRAM4 NA"MIV (CONTINUED)

I 1.1.2 Etch Pit Control - F. Arden & H. Sivik

lbe idea presented in the 2nd quarterly report relating
torus hole size and crystal dlemeter with density of dislocation
pits was evaluated.

It is seen from Table.=that 7 out of T crystals grown on the
N.R.C. furnace have a much lower dislocation density than the
two production crystals grown without a torus. It is also seen
that the dislocation density varies depending which torus vas
used. Essentially, it was demonstrated that the dislocation
density of germanium crystals may be controlled by choice o a
suitable torus.

Further, from Table = five crystals (Non. 11 through 15)
grown on the floating crucible furnace show a similar result.
For example, it was found that the dislocation count wa reduced
about 20%, 5% and 0% when using the iý', 1-3/4" aW 2" diameter
hole in the torus, respectively, below the dislocationMunt of
crystals grown vithout the torus, while maintaining crystal
diameter at 3/4 to 1" (See Fig. 1 shadovgraphs).

Another important observation is that crystals produced on the
floating crucible furnace display at least a 50% higher dislocation
density than crystals produced on the N.R.C. furnace. For ezmple,
crystal #6 displays a dislocation density at least three times
greater than any crystal grown on the N.R.C. furnace when using
the "*Z" torus. This condition is largely explained by the open
design of that furnace thereby inducing high temperature losses.
The result is greater thermal shock during crystal growth. Use
of the torus is helpful in reducing dislocations below 2,000
per sq. cm.

For the heat quarter, it is proposed to study the effect of a
1" diameter hole in the torus on the dislocation density in a
3/4*" diameter crystal.

Conclusion:

The dislocation density of germanium cryst;s was shown to be
controllable, at least partly, by means of a suitable torus in
the dislocation density ranges from about 200 to 2,000 per sq.cm.

Program for Next Quarter:

A few crystals will be grown to a specified dislocation count for
a production test lun.
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3 III - RELIABILITY D(PROV¥EDT PROGRAM NARRATIVI (COnTInUE)

1.1.3 Uniform Penetration in Diffusion - R. Colucci

During the quarter, work was continued on the use of a silicon

dioxide mask on slice@ prior to diffusion. Difficulties have been on-

I countered in consistently assuring that the maskin is covering corm-

¶ pletely. Microscopic areas can be found where masking is incomplete.

Only a small number of dice per slice are available because of the

rather large die saie, and therefore the~e areas of non-making, even

though microscopic and widely apart, cause considerable rejects in the

finished element. Work is being continued to determine the beat sur-

face treatment and masking cycle to eliminate these areas of non-masking.

Conclusioal

Although the process appears to hold definite advantages in regard

to cost and uniformity of electrical characteristics, it is felt that the

process will not become an established production procedure during the

time remain'sg In the contract. Bendix plans to continue this work

beyond the present eoatrast until a workable production process is ar-

rived at or the process in defiAitely determined to be act feasible.



F1I- RLIABILITY IMRVQ PROGRAM NARRATIVE (CONTINUED)
I 1.1.4 Depth Control in Al12loyn -Fred Arden

1. 1~. 4. 1 Introduct ion

Starting in November, 1962, acceptance for the thicknesses of the
u IOA dice after etching vent on a control chart basis. The plan

works as outlined below:

1.1.4.1.1 Form lots corresponding to the number of dice etched at one time
(ordinarily 1O0).

1.1.4.1.2 Check, with micrometer, 10 dice out of a lot, compute the range
and the average; plot on an 7 and R chart.

1.1.4.11.3 First look at the range:
(a) If it is larger than the specified limit, have Manufacturing
inspect the lot 100% regardless of the value of the average.

(b) If it is inside the limits, act as in l.I...1. below.

1.1.4.1.4 #ben the range is within specified limits, then:

(a) 2f the average is inide the control limits, accept the lot.

(b) If the average exceeds the upper limit, re-etch the lot.

(c) If the average is below the lover limit, inspect the lot 100%.

A typical chart showing how this method operates is attached
(UseeFigure 2 )
The control limits vere obtained as shown in Appendix IV.

This report is then aa evaluation of the effectiveness of the
control chart technique as applied to the sampling plan as outlined
above.

1.1.4.2 "S=e Result.

Figure3,/*hovs the proportion of the cups accepted after etching,
as the ,oto are sutwitted. It transpires that, on the average,
50% of the cups are accepted Immediately, and an additional 30%
are accepted after re-etch. The remaining 20% must be subtitted
to 100% inspection by manufacturing on account of their being too
widely distributed or being possibly undersized. Such inspection
yields ordinarily T7% acceptable dice. All told, then, on the
avers" we are accepting 80% on a sampling basis plus 15% after the
100% inspection, or a total of 95% of each lot suhbitted.

Figure # indicates the variability of the process as we can deduce
it frm the ranges. We nay observe a dramatic change for the better
in the variability of the process. This may be attributed to a
leonin pierod during which the operators acquire a "feel'
for hbo to obtain proper results.



I
i II - REIAILITT DwOVfEMwT PROGRAM XARRATIVE (conTrmu)

l.1.4.3. About The Sampling Plan

It nov becomes of interest to obtain answers to same questions
about the sampling plan that was outlined above, namely:

1.1.4.3.1 What is the worst average quality of the dice going to alloying
(Average Out-going Quality Limit- AOQL)?

1..I.4.3.2 How many dice are inspected on the average?

1.1.•4.3.3. Which quality will be rejected 90% of the time?
(This is kM'own as the consumer's protection, and also as Lot
Tolerance Percent Defective - LTPD)

1.1,sI The answers to these questions are arrived at in Appendix V, and
are siu-arized here for convenience:

1. The average quality going to alloying is no worse than AML-6%
defective.

2. Average number of dice inspected per cup - 30

(This includes all the cups inspected 100%).

3. 22% or worse defective has 90% or better chance of rejection.

l.1.k.5 Status

It is contemplated at this time to make certain changes in the
etching operation that vill make it posble to improve the
yields by reducing the variability of the process. For exiple,
a reduction of the average-range fro .31 (at present) to .26
(possible) would obtain the following:

1. AOQL fro 6% (nov) to 4%.

2. Average nuiber of dice inspected fro 30 (nov)to 14.

3. 90% or better chance of rejectift a lot 15%, or worse, defective
(instead of 22% defective as at present).

It will thus be possible to further improve the overall quality of
the work.
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I III. RELIABILITY IMPROVEMENT PROGRAM NARRATIVE (CONTINUED)

1.1.5 Spreading and Wetting in Alloying

As the depth control and alloying is also affected, it will be

necessary in all cases to consider spreading and wetting in alloying in

conjunction with "1.1.4 Alloy Depth Control in Alloying" since depth

penetration in surface spreading are closely dependent on one another.
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ii - MIAbL.•Jl1 IMPROVIDIt PiOGRAM NARRATIYE (CONTINUID)

11.6 Collector Attalmeat - ýay Zolucei

A large quantity of boss-less platforms were processed. The

thermal results of t i±s larger ruw did aot substantiate initial date,

but shoved a therm,.1 resistance comparable to the standard package

with no isprovoeant justifying a package redesign.

(See data tableg )•

Conclusiont

It can be co-ccluded at this time that the collector attachment

has been finalised to the use of the ultrasonic mounting technique as

outlined in the first quarterly report.



I

I III - RELIABILITY IMPROVEMENT PROGRAM NARRATIVE (CONTINUED)

1 1.1.7 Surface Passivation and Final Preparation Prior to Sealing

The present production techniques have been finalized.

(See Quarterly Report No. 1)
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i.. jAtterirL2 Techz.alles - rUW~ Joluacc

SThe fiaal exkiertmesta regardi• g the optJmam lettering material

have been complet••ed It has been oonclu•ed tht the best lettering

material from the point of view of unit stability over la;, high

temperature storage life conditions t omolecular te"v in the pellet

form.

As mentioned in ths soe"n qaurterly rport, a zinc oompound

was evaluated. Results after 1000 hoAre storage at 110C show the

sinc compound to be inferior to the molecular sieve pellet.

(See T'aale V

The production Cottering t*chnique has beez now finalised to

the use of an activated molecular sieve pellet.



III - FZLIABILIT! IhPDVEDMENT PNQ}RAJ NARRATIVE (CONTINUED):

1.1.9 Leak Determination - E. !urovgki

In Quarterly Report No. L, a method of helium detection was described

"by use of a helium backfilling technique, which is based on a procedure of

injecting helium into domed transistors, then measuring the rate of helium

leakage from the transistor by means of tne mass spectrometer method.

The tests presented herein were designed to evaluate several variables,

such as optimum helium backfilling time and pressure, degree of repeatability,

effective range of the mass spectrometer and if possible, the minimum meaning-

ful leak rate which could be established as a specification limit.

Thi. hundred bmty (320) electrically "good" 10 Amp DAP transistors were

selected for this evaluation. The devices were standard product, with the ex-

ception that no helium tests were performed during fabrication. The sample

transistors were divided into a matrix of 16 groups of 20 devices each and

tested in accordance with the conditions shown in Table VI . The various

helium backfilling pressures selected for this study were chosen to provide a

substantial spread and to cover the range of pressures now specified by various

transistor manufacturers and users. Backfilling times of 1 hour, 3 hours, 6 hours

and 16 hours were chosen for practical purposes, namely, that two 3-hour tests

or one 6-hour test could be performed during one 8-hour shift period. The 16-

hour test can be performed overnight. Approximately 1 hour is required for

pretest conditioning and final post testing.

Data was recorded on a variables basis (individual readings for each device)

and averages for each sample group are as shown in Table VIZ , Data from devices

with observed leak rates of greater than 1.OxlO-8 std cc He/sec were excluded

from averages for this portion of the test.

Further analysis by attributes, still utilizing a limit of 1.OxlO"8 std cc

He/sac is shown in Table TV . An Analysis of Means* applicable to attributes

data i showna in Figure : .
"eoforoneo Technical Report No. 2, February 10, 1960, prepared by Ellis A. Ott

Sift" fr. LUvle, -rutgors lMlveraity, New Brunswick N. J. for Army, Navy and Air
Force wAder Contract Nonr 404 (11),(Task NR-42-O2l) with the Office of Naval Re-
search.



SExamination of Table Mland Figure U shows that a significantly* higher

number of "failures" occurs at the 3-hour time period. Of particular interest,

however, is the lack of influence due to backfilling pressure. An explanation

I of the lack of significance of the backfilling pressure is offered as follows:

The pressure required to inject helium must be high enough to counteract the

Spartial pressure within the dome of the transistor as the result of previous

evacuation. However, injection of helium under any of the pressures utilized

in this study was sufficiently high and little noticeable difference was re-

corded.

All mass spectrometer tests were conducted immediately after (within 30

J minutes) the backfilling operation. If, however, a longer period was allowed

to elapse between backfilling and leak detection, entirely different results

would probably have been obtained, since the amount of injected helium would

wry with the backfilling pressure and in turn, would escape from the dome of the

transistor in a time period related to the backfilling pressure.

In testing for the minumum repeatable leak rate, 37 devices out of the origi-

nal sample of 320 exhibited leak rates of 5.xO10"9 std cc He/sec or greater. The

balance of the sample indicated leak rates in the order of 1010 std cc He/sec.

Figure 9 illustrates the Trial 1 and Trial 2 test data. It should be noted that

the 24 devices which read in the order of 10-9 std cc He/sec repeated for all

units except one unit (No. 28 read 10-8 std cc He/sec) on the second trial run.

Of the 5 units which originally read in the order of 10-8 std cc He/sec, 2

repeated, 2 decreased to 10-9 and one increased to 10-7.

Of the 5 devices which originally read 10-7 std cc He/seec, 3 repeated and 2

deereased to 10

Of the 3 devices which read 10-6 std cc He/sec, one repeated, one decreased

to 10-7 and one decreased to 10"9. The 10-6 leak readings should not be considered

pertinent to the effectiveness of the Helium Leak Detection procedure, since the

magnitude of leakage is within the effective range of the Detergent Bomb Hermetic

Seal test and would normally be rejected.

-based on a 95% confidence level



d

I CONCLUSIONS:

1. Backfilling pressure is not critical, provided that mass spectrometer

I measurements are taken immediately after (within 30 minutes) helium

T backfilling.

2. The optimum backfilling time appears to be in the area of 3 to 6 hours,

J which indicates that the presently accepted industry criteria of 4 hours

is correct.

3. The minimum repeatable leak appears to be in the order of l.OxlO" 9 std

cc He/sec. However, leak rates of 10-8 and 10"7 can be expected to re-

peat within a range of one order of magnitude. (For example, a 10-8

leak can be expected to repeat as a 10-9 or 10"7 leak, but not as a 10a10

or 10-6 leak). In order to assure a given minimum leakage rate, specifi-

cations should be written to reflect a tightening of one order of magnitude.

4. Leak rates of 10"10 and 10-9 std cc He/sec are most probably not actual

leakers, but rather "apparent" leakers, due to background noise, caused by

the adherence of helium molecules on the surface of the device under test.

5. The maximum meaningful specification limit should not exceed l.OxlO" 9 std

cc He/sec.

I
I
l
I
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TABLE IV

C O L L E C T O R A T T A C H M E N T (1.916)

9 R

VCE **lOV

A B

1.33 1.45 Group A Group B
1.05 .80 T 1.2 T7 1.2

f .65 .67 o*.186 om.225

1.26 1,32

1.01 1.31

.82 .96 Group A - Bosless Platforum

1.39 .98

.95 1.08

.90 .79 Group B • Standard Pmfction

.75 .97

1.15 1.04

1.12 1.21

.86 5

.941 .95

.99 .73

.70 .42

•73 .75

.75 .63

•73 .73
I.,
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TABLE

DESICCANT EVALUATION (1.1,8)

VCB 1.SV VCE = 8OV VCE 2V, IC 1OA

A B A B A B

UM NO. taa 04 94 ma

1 78 145 ~ 02~. 350 30
2 52 _ 42 0.1 .12 330 200
3 148 :09 350 -

14 147 37 0.52 0.1 370 3 00

S-

5 4 40 0.10o.5 2140
6 1 .091 -- - 380 -

7 40 38 0-7 0.3 o 3.• 250
8 -3- 50 .08 " 0175 380
9 54 140 .1h.. 230 35O

10 142 57 3.5 0.1 200 300

2 .6...6 0.6 -w5-- -2To 2To

n 52 60 0.1 50.0 30 220
12 55 57 1.4-- o0.1 350 200
13149 - .12, 260
114 148 37 0.9 1.14 350 220

15 67 58 .38 *0.6 220 300
16 140142 .12 *.15 1400 250~
17 50 148 _ .12 -,o-.6 300 _S0~
18 39 63 -. 05 3.0 200 270
19 38 1.4 .05 .15 1400 325

20 148 148 0.6 .15 200 310
21 63 1006 30210 25

22 110 37 .12 10.0 350 t 31
23 51 52 .20 0W.-2 300 350
24. 42 50 .09 *0.2 350 325

25 70 61 .25.25 310 250

OROUP A s N=U.E AR SIEVE PELLET
OWUP B v ZINC OXIDE PEMLET
* HNymteraiu loop

- Catatr•pdc failure
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J TABLE VI

LEAK DETERMINATION TEST MATRIX

20 TRANSISTORS PER TEST

25 PSI 25 PSI 25 PSI 25 PSI
1 HR. 3 HRS. 6 xRs. 16 HRS.

50 PSI 50 PSI 50 PSI 50 PSI
1 HR. 3 HRS. 6 as. 16 HRS.

75 PSI 75 PSI 75 PSI 75 PSI
1 HR. 3 Hit. 6 Ha. 16 D .

100 PSI 100 PSI 100 PSI 100 PSI

1 HR.. 3 HRS. 6 HDs. 16 HRS.

i
i DU.IU( IACKFIILING PRESSURE & TIME

I
I



TBA~t VII

1.3 6 1,6

9.37 16.90 16.116 6.76 25

7.216 7.68 6.10 5993 50

6.616 5.38 7.30 8.20 7

8.160 7.07 6,1o0 6.75 to00

AVERA4B hLU RATE WZ~1O co/ego.)

r(Ralt~ugi Imams 1. O10 Go/usc.)
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TABLE TI

TIME (HOURS)

1 1 3 6 16

1 25
0120 2/20 1/20 1120 4/80

I
J 50 0120 3/20 1120 1/20 5/80

* 75 0120 2/20 0/20 1/20 3/80

100 1/20 1/20 3/20 0/20 5/80

TOTAI8 1/80 0/80 5/80 38

ATTRXBUTE "FAILURZ•"

(De•ices iadicating I4ak Rates
greater than 1.Oz106 co/eC)

I



I MILS-195OO/

(PROPOSED)

MILITARY SPECIFICATION
TRANSISTOR, PFP, GERMANIUMj TYPE 2N143O

1,i SCOPE

1.1 Sco". This specification covers the detail requirements for a Germani Diffused
Alloy ERP owitching transistor with the following characteristics at Tj a 25 C.

SYMBOL hFE VCE (Sat.) VBE (Sat.) tr ta t

CONDITIONS IC-lOA,Vceu-2V ICn-lOA,Ibw-lA ICx-lOA,IB--lA IC-.5A VCC.8OV

UNIT - V V Ws i

NIM. 20 . - - - 0.

MAX. 60 -0.4 -0.9 7.0 3.0 5.0

1.2 ABSOLUTE MAXIMUM RATINGS

SYMBOL W (2) TT BVT BV I IOT (Average) PT (Peak) TSTG B B c 'C B

UNIT W W 0 C 0 C V V A A

MAX. 70 800 -65 to i1O -120 -100 -10 :1.5
+110

NOTES:
1. For steady state conditions with forward bias and switching applications

J'T 1CVCij -1. ji"4 derate l.2 0C/W for case temperatures -250C-

T 2. Peak power in switching applications

2.0 APPLICABLE DOCUMENTS
2.1 The following documents of the issue in effect on invitation to bids form a pars
of this epecification:

Sseoificati on:

NMVU-19500 Transistors, General Specification for
r

IL-STD-105 Sampling Procedures and Tables for Inspection by Attributes
and Appendix, Sampling for Expensive Testing by Attributes

MIL-$TD-202 Test Methods for Electronics and Electrical Component Parts
NZL-STh-750 Test Methods for Semiconductor Devices

3.
3e1 U ~t O tl| S00ta 4Ul be in accordanceo with Specification. MILX•,19= W9O
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J MIL-S-19500

and as specified herein.

3.1 Abbreviations and symbols. The abbreviations and symbols used herein are
de ined in Specification MIL-S-19500 and as follows:

T hFE Static Forward Current, Transfer Ratio
VCE(sat) Collector Saturation Voltage
a JOC Thermal Resistance, Junction to Case

ICEO Collector to Emitter Cutoff Current, Base Open
ICBO Collector Cutoff Current
IEBO EAitter Cutoff Current
ICER Collector to Emitter Cutoff Current, Resistance return from

base to emitter
ICES Collector Cutoff Current, Base Shorted
t Pulse Rise Timer
tf Pulse Fall Time

t aStorage Time

3.3 Design and Construction. Transistors shall be of the design, construction and
physical dimensions specified on Figure 1.

3.4 Lead Arrangement. The lead arrangement shall be as indicated on Figure 1o.

3.5 Operating Position. Transistors shall operate in any position.

3.6 Performance Characteristics. Performance characteristics shall be as specified
in Tables I, II.

3.7 Marking. In addition to the marking specified in Specification MIL-S-19500
transistors shall be marked with the appropriate type designations and U. S.
Army prefix after qualification has been obtained, and with the qualification

code and manufacturer's identification.

4.0 QUALITY ASSURANCE PROVISIONS

4.1 Saplia and Inslction. Sampling and inspection shall be in accordance with
specification KIL-S-19500 and as specified herein.

"4.2 Qualification Inasection. Qualification inspection shall consist of the examinations
and tests specified in Tables I and II.

4.3 Inspection Conditions. Inspection shall consist of the examinations and tests
specified in Tables I and II.

4,4 Group A Insuection. Group A inspection shall consist of the examinations and tests
specified in Table I.

4.5 Group B Inspection. Group B inspection shall consist of the examinations and tests
specified in Table II.
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MIL-S-19500/

4.6 Disposition of sample units. Sample units which have been subjected to and haveJ passed Group B inspection may be delivered on the contract or order, provided that,
after Group B inspection is terminated, these sample units are subjected to and pass
Group A inspection.

4.6.1 LIFE TESTS. Life tests shall be performed on sample units which have been sub-
jected to and have passed Group A inspection.

4.6.2 1000 Hours Life Tests.
(a) 1000 hours life tests shall be in effect initially and shall continue

in effect until the eligibility criteria for reduced hours life test
have been met.

(b) The measurements listed under end points in Table II shall be made
at 0 hours, 340 + 72 - 24 hours, 670 + 72 - 24 hours, and 1000 + 72
-24 hours. Additional readings may be taken at the discretion of the
manufacturer.

(c) Sample units shall meet the criteria specified in Table I1.

If a life teot sample fails either the 340 or 670 hour acceptance criteria for
storage life or operation life, the lot shall be rejected. The tests may be terminated
at the discretion of the manufacturer. However, the results of either of these tests
shall not be used at a future date for acceptance of the same lot.

4.6.3 Reduced hours life tests. (670 or 340 hours) To qualify for reduced hours life
tests, the following criteria shall be met:

(a) The immediately preceding 5 lots have been accepted.

(b) The average per cent defective over the preceding five lots at full
test time has not exceeded 0.2 of .

(c) There has been no unusual discontinuity in production in the immediately
preceding 5 lots.

4.6.4 After establishing eligibility, production lots shall be released for shipment at
670 hours or 340 hours, provided the life test sample has not exhibited more than the
allowable number of failures.

4.6.5 The manufacturer shall establish eligibility for 670 hours first, thence he shall
meet the criteria of a, b and c of 4.6.3 at 670-hour release to qualify for 340-hour
release. Lots which are accepted under early shipment may be shipped. However, the
life test shall continue through the full 1000 hours. The manufacturer shall lose eligibil-
ity for 670-hour or 340-hour release whenever two of five consecutive lots have failed
the life test or the percentage defective over the preceding five lots exceeds 0.4 of X.
at full time. Loss of eligibility for 670-hour release shall result in institution of
1000 hour release. Loss of eligibility for 340-hour release shall result in institution
of 670-hour release.

4.6.6 Resubmitted lots. Lots, from which defectives have been screened out or reworked
and which are resubmitted for acceptance inspection, shall contain only devices which were
in the original lot. Resubmitted lots shall be kept separate from new lots and shall be
clearly identified as resubmitted lots. Resubmitted lots shall be inspected for al;
characteristics, using tightened inspection, only for the characteristics failed. Lots
say be resuhnitted a maximum of two times. At the discretion of the Government, testing
of characteristics which are not affected by the screening process may be omitted for
resubmitted lots.
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4.7 Rise and fall time. Rise and fall time measurements shall be made using the
circuit of Figure .

5. PREPARATION FOR DELIVERY

T 5.1 Preparation for delivery shall be in accordance with Specification MIL-S-19500O

6. NOTES
6.1 Notes. In addition to the notes specified herein, the notes specified in Speci-
fication MIL-S-19500 are applicable to this specification.

NOTICE: When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government procurement
operation, the United States Government thereby incurs no responsibility nor any
obligation whatsoever, and the fact that the Government may have formulated,
furnished or in any way supplied the said drawings, specifications, or other data is
not to be regarded by implication or otherwise as in any manner licensing the holder
or any other person or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any way be related thereto.
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HELIUM LEAK DETkaiINATION

I ANALYSIS OF M6ANS1

I ~FIGKIE S

I .05 UDL 0.108

I 9 -I \ - - -

5 - - - - -I - P -\,/

2

• 05 LD .0025

r 1 3 6 16 25 50 75 100

TI•!E (Hours) PRESSURE (PSI)

Where: P a 17/320 a .053 ( From Table VIII) h0o5 a 2.15

a. o0.0258 -

5% UDL = Upper Decision Limit = .053+2.15x.0258=+O.IO8

5% LDL a Lower Decision Limit . .053-2.15x.0258=-O.0025

1 Reference Technical Report No. 2, February 10, 1960, prepared by Ellis R.
Ott and Sidney S. Levisq, Rutgers Univeraity, Now Bruaovick, N. J. for Arty,
Navy and Air Force under Contract Naar 404 (11), (Task NI-42-02..) vith the
Office of Naval Research,
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J IV- APFDIX I

fteabilitY Test Procram

1, ReliabilitM Life Touting Lift tests have been conducted an

the standard product and this data will be used a a control for the

evaluation of the production improvements, It is expected that all

the product improvements will be completed and incorporated for produc-

tion runs daing the 4th Quarter.

Appendix I-& shows each of the following tests conducted for a

1000 hoar periods Storage life tests at 25 0C and UO°C, operating

life test with the case temperature at 85c .o0 and a collector power-3 C
dissipation of 30 watte. The dissipation of 30 watts with a Vobs-25Tdo

is such that the translstor element is at the maximna rated temperatare

of 1160C.

Measurementa were taken at 250s, 500a 750 and 1000 houres Data

was taken on the following parameters:

lobo 6 Vob w 100 volts

Near 0 Ic - 5;kA Rbs al0-t.

Nebo O 50a&

Ib O Voe " 2!
Ic 5A

For the purpose of Illuatrating the product behavior an a result

of aging stresses, data for each of the above mentioned parameters is

presented both in persentile and frequency diatribotioa foam given in

Appedix II This data has also been reviewed and the median value

are hhoIm.

SiladLr data Is presented for the operating power dissipation

life toot,

Isuotrioal doeIgI teat data for the &abe mentioned 11emetera



T is also inl•i•ed as Appendix I-B. This design teat data represeont

lUommatiom on raw material and is Indicative of the pnoess oantrolo

iftq data to presented for ton (tO) conseutive prodcticon lots ending

with date code 252.

Extended life test data for the Bendix 10 Ampere DAP Generic

- oily, from which the 2Nlh30 transistor to seleoted is presentedo

Th~s life test represents an evaluation of 100 transistors for a

period of 10#000 ho-rs,

Failare rate Information has been acotmulatedo n the basis of

the aforementioned life tests and also from information compiled from

pvvions life testa which weas performed at 100y 135 and 155c. This

Information is presented a a cumulative failure rate ourve as sbow

in Appendix I-A. Rumination of the failare rate curve Indicates the

failare rate to be 0.09%/1000 hours at 25 0C,, 08% at o100C and 1.7%

at 150°c.

Additional stop stress life test information also presented in

toms of cmulative failure rate vs temperature in r ie shown in

Appendices I-Cl, I-C#, and I-C3. These tests -ere conducted over a

taperature ranug of 100 to 320°C with failure of all devices intended.

Tlots were performed on 2F11430 devices each dr•mn frco regular prod.o-

timaw at two month intervals daring the period July 1962 th•oqgh

FJma 1963. Step stress testing in all oases included an ascending

tosoerstats stress in lOc stepsvith a storage period of two hours at

maoh stop* After saoh storage period the maits were cooled to rom

toeratore and the parmeters were recorded,

Fello. rote oar-es for all except Report No. I were derived

.ti1. the followit limit@$



I

r� �labo *- 50%

6 Tbhbfs) < 30%

loer S -.80V < 75 .",Ado

Iobc S -1. iv <. 75,,.. Ado

Failure rate for Report No*. sample. was calculated in terms of

inoperable devices only.

2. Reliability Demonstration Program.

The program from the fourth quarter on to completion will bt

to plue transistors, manufactured with the various product improvements

on reliability life tests for the purpose of demonstrating the device

capability of meeting a maxinmm failure rate of 0.05%/1O00 bows at a

90% confidence level.

For this goal, a close lot control mystem will be established,

and the associated data will be analysed and prepared for any faillre

analysis which would be required. It is our intent to monitor the

reliability testing on a lot by lot basiss using the step stress

technique and extended life testing*

The information gained on the data from the stop stress

(accelerated) testing will reveal useful information about the aging

oharacteristios and reliability of the transistor. The information

aaooumlated by sach stress tests agrees well with the more conventional

aging tests at the lower stresses and longer times.

The dimucstration of normal distribution of failures in

reeipaceal temperature (absolute) and the logegormal distribution of

failures in time along with the constant variaoc for these distributions

will illustrate some physioal model for devioe dogradation.



I
?be relatively short time and small number of devices needed#

along with failure of the complete sample, makes this techuiqos useful

in many ways , ach as:

1, A rapid comparison evaluation.

T2. Process control and evaluation.

3. Day to day or lot to lot production variations.

The complete knowledge of the statistics allows separation of

the nuber of mavericks and also in conjunction with the acceleration curve

enables the predication of percent failures versus stress and time ?he

immediate result of the test to failure yields a sufficient number of failed

devices to perform a 'failure analysisp, not only on the weak devices but

aleo the better devices to determine the caue of failure.

The physical nature of the applied stresses and the interaction

of the stresses will have to be investigated for a thorough device evaluation.

This acceleration testing will be adopted for all the stresses involved,
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APM= 14.
THE HiMIX CURPORATION, 5k.,ICONDUCTOR DIViSION

TRANSISTOR TYPI 2N1430

ELECTRICAL D);SIGN TEST DATA

I
2590

200

IB mAdc 150 6 4
VCE--2Vdc 9

IC,-5Adc 100

50 0

I I

o3
ICBO made ,6 *

VCBu--OOVdc .5 5

:2.2 *

.1 0 0

200 I.-;
S*

IC-50n~c1500
BVCER Vdc ,

RBE a 100Q •oI I
o - -!

8
VE]O Vdc 7
IB=-50 nAdc 6

5
4
3
2
1
0

Al 2k5 t% 247 214 249 250 251 2O2

DATE CODE
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[ Life Test Presentations

\Storale and operating life test vere performed to monitor and

[ determine the stability of devices for periods of 1000 hours. Extended

life test•\information on 100 transistors tested for 10,000 hours is

also sboun.

I With eath parameter both the percentile information and

histogram g4phs are given. The percentile presentations illustrate

Sdistribution *ehavior from one reading period to the next. Histogram

for each paramdter illustrate the shift in characteristic value for

1 250 hour increments.

I
I
1T



r THE BL.NDIX CORPORATION, SD,"¶OONDU•.OR DIVISION £P11 U
TRANSISTOR TYPE 2N130

PARAMETER DISTRIBUTIONV.
TYPE: 10 AMPERE DAP

STRESS: STORAGE LIFE - 1000 Hours at 25° C

S"PARAMETER: ICBO

TEST XNDITIONS: VCB a -100 Vdc

INITIAL LIMIT: -50 MA dc Max.

NUMBER OF UNITS: 100

2.0

1.2 9

o500 7.50 1000

TIME IN HOURS



r THE IBaDIX COOPRATION, SOUCODUMOo DIVISION M U

TRANSISTOR TYPE 2NI430r
PARAMETER STABILITY

STRESS 1 250 C STORAGE LIFE

PARAMETERt ICBO

TECT CONDITIONS VCB a -10O Vdc, IE - 0

INITIAL LIMIT: -50 MA DC Max.

NUMBER OF UNITS: 100

Median Value at zero hours -- 0.6 mA

75

50 _ _ _ _ __ _ _ _ _

25 0-250 Hours__

F ? 5

o P -" , ..
'50 _ _ _ _ _ __ _ _ _ __

25 0-O00 Hours

75-

50 _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

25 0-1000 Boiwe _____________

0-

- 10 .8 .6 .4 .2 .10 .1].2 .4 .6 .8 1.0

103O CHANGE IN MILLIAIPZMR



THE BENDIX CORPORATION, SD41ONDUZTCR DIVISION W IXD X1

TRANSISTOR TYPi2 2N143O

PARAMETER DISTRISUTION

TYPE: 10 Ampere DAP

STRESS: STORAGE LIFE - 1000 Hours at 250 C
I

PARAMETER: VEBO

TEST CONDITIONS: IEB . -50 MA DC

INITIAL LIMIT: -. 5 Vdc Min.

NUMBER OF UNITS: 100

90

50

- ~ 10

0 250 500 750 1000

TIME IN HOURS



THE BENDIX CORPORATION, SE4ICONDUOTOR DIVISION A ,

TRANSISTOR ,TYPE 2N1430

J PARAMETR STABILITY

ATfESSI STORAGE LIFE - 1000 Hours at 250 G

PARAMETER s V3BO

TEST CONDITIONS & IEB -50 MA DC

1,NITIAL LIMIT: -1.5 Vic Min.

NUMBER OF UNITSi 100

Median Value at zero hours • -3.25 Vdc

60

40

0-250 Hours -

20

60

0-500 Hours

20

60

40-

0-1000 Hours
20

01-
- *. *3 .2 .1 .0 .o5 .1 .J .J

VW CHANGE. IN VOLTS



1• THE, BNDIX COMPORATION, SDEICONDUCTOR DIVISIONTRANSISTOR TYPE 2N1430

I
PARAMETER DISTRIBUTION

TYPE: 10 Ampere DAP

STRESS: STORAGE LIFE - 1000 Hours at 250 C

PARAMETER: BVCER

TEST CONDITIONS: IC - -50 MA DC RBE * 100 Q

INITIAL LIMIT: -8OVdc Min.

NUMBER OF UNITS: 100

250 _ _ _ _ _ _* *

200 90

150 +.._. , . . ,..

100

50

0 250 500 0

TIME IN HOURS



IT B=DIX COMOATION, SENICONDgCWM DZV8I.
TRMISISTOR TYV 0lk30

PARJAETER STABILITY

ST!II 25 C STORAWE LIFE

PARAMETER I vOER

2UT COMDIW•1GI IC a 50 MA DC, RBE . 100Q

INITIAL LIMIT -4D V4s

NUMBER 01 UNIfS 1 100

Median Value at zero hours a -141 Vdc

75

50 . . -

•0 .... ...__ __ __ _ __ __25 0-o2 NOw,-

0 ,

0 - L
O is 30 so 50650 10 A 30 40 50

3VCER CRlAMO IN VOLTS



THE BD4DIX CORPORATION, S0)4ICONDUCTOR DIVISION kPIDI.X 1
TRANSISTOR TYPE 2N1430

PARAI*TER DISTRIBUTION

TYPE: 10 Ampere DAP

STRESS: STORAGE LIFE - 1000 Hours at 250 C

PARAMETER: IB (hFE)

TEST CONDITIONS: VCE a -2Vdc IC . -SAdc

INITIAL LIMIT: -50 MA DC Min. -165 MA DC Max.

NUMBER OF UNITS: 100

200 _ _ __ _ _

8150

90~

to

100 50_________

10

50 _ _ _ _ _ _ _ _ _ __ _ _ _

" ~TIME IN NOUN.1



THE BNDIX CORPORATION, SEMIOONDUPTOR DIVISION A
TRANSISTOR TYPE 2N1430I

PARAMETER STABILITY

T Sffs, 2?. c STORAGE Lin

PADNUm IB (hn)

1?T CONDITXOKI Ic --5.0 MA DC, Vco - -2Vdc

INITIAL LIMI~t -50 MA Min. - 165 MA Max.

UNMN OrUNITSi 100

Median Value at zero hours a -1.0 Vdo.

- -
20 -20 3mm n--

0 i .

~200 oI "r

0_ _ _ _ __I_ _I

60 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

S0-1000 3..' -

0 o3 03 30 20 j;so~

Gomum =



THE BEIDIX CORPORATION, 8EMICNDUCTOR DIVISION

TRANSISTOR TYPE NI4O30

I PARAMETER DISTRIBUTIONI
TYPE; 10 Ampere DAP

I STRESS: STORAGE LIFE - 1000 Hours at 1100 C

PARAMKEER: ICBO

TEST CONDITIONS: VCB - -iOOVdc

INITIAL LIMIT: -5OmA dc Max.

NUMBER OF UNITS: 100I
I

2.0

1 90

1.

05

0 2P SOO 000

TIug IN WM



THE BD4DIX CORPOlATION, SENICONDU qR DIVISION z U
TRANSISTOR TYPE 2N14I)

J PARAMETER STABILITY

STRESS: 1100 C STORAGE LIFE

PARAMETERt ICBO

TET CONDITIONSt VCB x -100 Vdc, IE - 0

INITIAL LIMIT: -50 mAdc Max.

NUMBER OF UNITS: 100

Median Value at zero hours w-0.23 mA

75

50

25 0-250 Hour@ _ _... ..

0

50

5 0-500 Hours

0

75 --

50__ _ _ _ _ _ _

25 0-1000 Hours

01

- 1.0 8 .6 . .2 .10.1 .02 .4 06 . Je .

ICBO CHAN= IN NILLIAMPUIM



THE BENDIX CORPORATION, SE4ICONDUCTOR DIVISION A I U

TRANSISTOR TYPE 2N1430

PARAMETER DISTRIBUTION

TYPE: 10 Ampere DAP

STRESS: STORAGE LIFE - 1000 Hours at 110 C

PARAMETER: VEBO

TEST CONDITIONS: IEB a -50 MA DC

INITIAL LIMIT: -1.5 Vim Min-

NUMBER OF UNITS: 100

6
90

2 _____ 10

I

2 500 750 1000

TIME IN NOUM



I THE BENDIX CORPORATION, SEMICONDUCTOR DIVISION
TRANSISTOR TYPE 2N1430

PARAMETER STABILITYI
SSTRESS : STORUGE LIFE - 1000 Hours at 1100 C

PARAMETER: VERO

TEST CONDITIONS t IEB * -50 MA DC

INITIAL LIMIT: -1,5 Vic Min.

NUMBER OF UNITS: 100

Median Value at zero hours * -3.5 Vdc

60

2.0

0

.0 -0o0z Hours_

20

0 ,--..-________--- __ ---

I0
60

(00 Uwe"-
1 ~ ~~20 0,,000 How.__________________

o0 L

1 0o-4., A. .A o05 0 .01 0 .J .4

TU= CRIAGE IN Y0Zfl



THNL BEDIX 3OAPOkATION, SEMICONDUCTOR DIV131OX

TRANSLTOR TYPE 2N1430 APP U

PARAMETER DISTRIBUTION

f
TYPFL: 10 Ampere DAP

STRESS: STORAGE LIFE - 1000 at 1100 C

PARAMETER: BVCER

TiL3T CONDITIONS: IC - -50 MA DC RBE iOO1Q

INITIAL LIMIT: - 8OVdc Min.

NUMBER OF UNITS: 100

250________ ______ _

200__ 
_ _

90

U 150 , .5

10

lo

020 500

TIME IN OUS0



THE BENDIX CORPORATION, £D4IC0MDUCTOR 9IVISION &PE is

TRANSISTOR TYP• 2N1430

PARAMETER STABILITY

STRESS:t 1100 C STORAGE LIFE

PARAMETER: BVCER

TEST CONDITIONS& IC a-50 MA DC, RBE * 100Q

INITIAL LIMIT: -80 Vdc Min.

NUMBER OF UNITS: 100

Median Value at zero hours - -144 Vde

75

0 ,

25 0-500 Hours

7'

50 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

25 04000 Hours

S0•0 • 0 ? 10 5 0 5 10 20 30 4O 50



I THE BENDIX CORPORATION, SEMICONDUCTOR DIVISION APFUD I
TRANSISTOR TYPE 2N1430

I PARAMETER DISTRIBUTION

TYPE: 10 Ampere

STRESS: STORAGE LIFE - 1000 at 1100 C

PARAMETER : IB (h FE)

TEST CONDITIONS: VCE a -2Vdc IC . -5 Adc

INITIAL LIMIT: .50 MA DC Min. 165 MA DC Max.

NUMBER OF UNITS: 1oo

I _ _

250 -.

200 ____ -

90~

S150__ _ _ __ _ _

I S

100 __ __ _

t __ __ __ __ __ __ __ __ __ __ 1

~0 _ _

II

10 2 1 05

I TIME IN HOOM



THE DNEDIX CORPORATION, SEMICONDUCTOR DIVISIOP j3 U
C TRANSISTOR TYPE 2N1OI

PARAMETER STABILITY

J
STRESS: 1100 C STORAGE LIFE

PARAMETER, IB (hFE)

TET CO::DITIONS& IC a 5.0 Adc, VCE a -2Vdo

INITIAL LIMIT: -50 MA MIN., -165 MA MAX.

NUMBER OF UNITS: 100

Median Value at zero hours a -125 Vdc

wi

bO

'40

0-250 Hours

0 -

isOi'0
10

0 20 [03 10 00

I is cgs= i



THE B&DIX CORORT'ON, SECCONDUCTOR DIVISION £ppu
TRANSISTOR TYPi Z%1430O

SPARAKETER DISTRIBUTIO

S~TYPE 10 Ampore DAp
STRESS: OPERATING LIFE - 1000 Hours at 850 C Pc a 30 Watts

PA•AUMTER: ICBOTEST CONDITIONS. 
VCB - -100 Vdc

INITIAL LIMIT: -50 mAdc Max.
NUMBER OF UNITS: 100

2.0

181.I

I
1 0o

0 2INE IN00U 750 1000



I THE B0DIX CORPORATION, SM4ICONDUCTOR DIVISION £PDZI U
TRANSISTOR TYPE 2N1430I

PARAMETER STABILITYI
STRESS: OPERATING LIFE - 1000 Hours at 85° C Pc - 30 Watt

PARAMETER: ICBO

TEST CONDITIONSt VCB a -100 Vdc

INITIAL LIMIT: -50 mAdc Max.

NUMBER OF UNITS: 100

I Median Value at zero hours . -o42 mAdc

60[

2i 0-250 Hours

I o r - , .,

I0 40 0-00 Hours
20 •

S0 ... ,7- -

t .08 .06 .*0 .02 .010.01 .02 .04 .06. .08 +

ICUO CRMON IN NILLIUA



THE BENDIX CORPORATION, SEMICONDUCTOR DIVISION M U

TRANSISTOR TYPE 2N1430

PARM•-E'ER DISTRIBUTION

STYPE: 10 Ampere DAP

STRESS: OPERATING LIFE - 0OOO Hours at 850 C Pc 3 50 Watts

PARAMETER: VEBO

TEST CONDITIONS: IE u -50 MA DC

INITIAL LIMIT: -1.5 Vdc Min,

6
_90

I 50

.4 iO

3~ 10

01

0 250 500 750 IO-

TIMEIN Imm



I THE BENDIX CORPORATION, SD4ICONDUCTOR DIVISION A]llI U
TRANSISTOR tYPE 2N1430

PARAMETER STABILITYI.
STRESS: OPERATING LIFE - 1000 Hours at 850 C Pc - 30 Watts

PARAMETER: VEBO

TEST CONDITIONS a IE - -50 MA DC

INITIAL LIMIT: -1.5 VMc Min.

NUMBER OF UNITS: 100

Median Value at zero hours - -3.7 Vdc

60

40

0-250 Hours

20

0

60

0-5DqO Hours

0-100• Hours BMs
20

20
• 4 -3 .2 el 905 0.0 A. e2. .3 94 .J

V=o C03*A1 IN VOa3
I



THE BEDIX CORPORATION, SE4ICONDUCrOR DIVISION A 11

TRANSISTOR TYPE 2N1430

PARAMETER DISTRIBUTION

TYPE: 10 Ampere DAP

STRESS: OPZRATING LIFE 1000 Hours at 850 C Pe 3 JO datts

PARAMETER: BVCER

TEST CONDITIONS: IC = -50 MA DC RBE - 100Q

INITIAL LIMIT: -80 Vdc Min.

NUMBER OF UNITS: 100

200

90160

50
~.120 _ _ _ _

102

80-

40 _

80

020500 750 1000

ZUn IN so=D



THE BEIDIX CORPORATION, SD4ICONDU0TOR DIVISION A•in U
TRANSISTOR TYPE 2N1430

PARAMETER STABILITY!
STRESSi OPERATING LIFE - 1000 Hours at 850 C Pc a 30 W

PARAMETERs BVCER

f TEST CONDITIONS & IC a-50 MA DC RBE - 100Q

INITIAL LIMIT: -80 Vdc Min.

NUMBER OF UNITS: 100

f Median Value at zero hours * -145 Vdc

II

60
S. t i t Nems

so

20 'i

0 '

40
S0 ,_

kO 0 0 .o +q 10o20 3o iso .

I ,,.a,,+ l~lI 1m 1 'I'N R



T AlPIlDU II

I
PARAMETER DI3TRIBUTION

TYPE: 10 Ampere DAP

STRESS: OPERATING LIFE - 1000 hours at 850 C Pc 30 Watts

PARAMETER: IB (hFE)

TEST CONDITIONS: IC a -5A DC VCE u -2V DC

INITIAL LIMITS: -50 MA DC Min. -165 MA DC Max.

NUMBER OF UNITS: 100

200 _ __ __

90~
S150

50

J ~ ~50 _ _ _ - _

F0'

0 250 N70 1000

TIME IN HOURS



THE BENDIX OORPORATION, SEMICONDUCTOR DIVISION APPDU XE
TRANSISTOR TYPE 2m1430

PARAMETER STABILITY

STRESS: OPERATING LIFE 1000 Hours at 850 C Pc 3 50 Watts

PARAMETER: IB

TEST CONDITIONS t IC . -5 A DC VCE a -2Vdc

INITIAL LIMIT: -50 MA DC Min. -165 MA DC Max.

NUMBER OF UNITS: 100

Median Value at zero hours * -110 Vdo

75

50 _--_

25 0-250 Hours

0

0 V-

75

5 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

25 0-500 Hours

5• 0-1000 Howe8

01

- 20 10 50 5 110 20

is came& is L,_Mo



I THE BENDIX CORPORATION, 36MI NGNDUCTOii DI','IS:ON APFIDIZ II

I i TRANSISTOR TYPE 2N1430

PARAMETER DISTRIBUTICN

TYPE: 10 Ampere DAP

STRESS: STORAGE LIFE - 10,000 Hours at 25° C

PARAMETER: ICBO

I TEST CONDITIONS: VCB a -1O. Vdc

INITIAL LIMIT: -50 mAdc Max.

NUMBER OF UNITS: 100

I

| 3.5

I

I
-1.6 E-4____

1.2

90

0.8
_ _....__"_......_50

o.41 I

01000 3000 5000 10,000

TIME IN HOURS



I THE BENDIX CORPORATION, SE?.ICONDUCTOR DIVISION Aa
TRANSISTOR TYPE 2N1430I

PARAMETER DISTRIBUTIONJ
TYPES 10 Ampere DAP

STRESS: STORAGE LIFE - 10,000 Hours at 250 C

PARAMETER: BVCER

TEST CONDITIONS: IC = -50 MA DC RBE 1 ,O0C

INITIAL LIMIT: -80 Vdc Min.

NUMBER OF UNITS: 100

250

90

200

S150 ,_50

__ _ _10

[ ~ ~100 _ _ _ _ _ _ _ _ _ _ _

I
50 _ __ __ _

I ,

0 1000 3000 5000 10,000

I TIME IN HOURS



IT;L. =DDIX CORPOR(ATION, 524120ND'.',TO3L0 iS

TRANSISTOR TYPE 2;,'130 (

PARAML¶'ER DI3TRIBUTlION

- TYPE: 10 Ampere DAP

-STRLSS: ST0RAGL LIFE - 1OjCOC)O 1tt':

PARAMETER: IB (hF

TLST CONDITIONS: VCE u-2Vdc 12 - Adc

INIT IAL LIMIT -50 mA Dc Mmi. - AS MA D.2 Max.

NUMBER OF UNITS: 100

50 100

0 1000 3000 5000 1 2,oC

TIME IN HOUý.



1 THz BENDIX Co0PORArION, SE4ICONDUCTOR DiVISION AU IX II

TRANSISTOR TYPE 2N1430

1' PARAI. T..R DISTRI!BUTION

I
TYPe-: 10 Ampere D.%P

I STRLSS: STORAGE LIFE - 10,OO0 Hours at 1100

I PARAMLtV : ICBO

TLST CO.NDITIONI0: VCB -1)0 MA DC

INITIAL LIMIT: -50 mAde Max.

1I
NJUMBER OF UNJITS. DO

II

3.5

2 . 8 9 0

S2.1 ______ _____

1.4)

'-7

09

I
iT 1.4 _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

I

0 1000 3000 5000 10,000

I TIME IN HOURS



THE BENDIX CORPORATION, SEMICONDUCTOR DIVISION

TRANSISTOR TYPE 2N1430

PARAMETER DI3TRIBUTION

TYPE: 10 Ampere DAP

STRESS: STORAGE LIFE - 10,000 Hours at 1100 C

PARAMETER: BVCER

TEST CONDITIONS: IC x -50 MA DC RBE - 100Q

INITIAL LIMIT: -80 Vdc Min.

NUMBER OF UNITS: 100

250

200 _ _ _

•- 150 _

50

100 10

0 1000 3000 5000 10,000

TIME IN HOURS



I THE =EDIX CORPORA21ON, SD4ICONDUCTOR DIVISION U U

I TRANSISTOR TYPE 2N1430

PARAMZ= DISTRIUWIcI•

TTlEs 10 mpero DAP

SYTRES STORAGE LIFE - 10,000 Hours at 1100 C

PARAKLTU II (hFE)

TEST CONDITIONS$ VCE a -2Vda IC a -5 Adc

INITIAL LIMIT 1-50 MA DC Min. -165 MA DC Max.

NUMBER O UNITS: 100

250

- 150

100 __ _ _ _ _ _ _ _ _ _ _ _

"NO - 50

50_------ 10I

S• lO

10 1000 3000 5000 10,000

I TIME IN ROMn



I
I XV - APPEIX III

Ileetrical SmeificatioSM

The 2XJ430 is a switching transistor to be used with inductive,

capacitive, or resistive loads. The revised 2X140 specificatioa reflects

I the improved technology of the 10 A DAP an velU as a practical description

J of the device which is of importance to the dtain engineer using a

switching tranasitor.

f Zectrical Parameters

The aeasured I CO'I are decreased or measured at a much bigher

voltage than in the original spe* In addition, A' co is measured at

100 V and 856C which gives an indication of currents to be expected when

operating at elevated junction temperatures.

A maximum gain at IC - 10 A was specified. This is desirable for

operation in inverters which is the major application of this transistor.

The saturation voltage and the open base breakdown voltage are Im-

proved. The VCU parameter was replaced by Ie in order to cover the

two extreme cases of RD equal to zere and Infinity.

The small signal hfe at 100 K. ws not included because it does not

help in designing switching circuits. A more realistic switching circuit

j for measuring rise, storage and fall time is uaOd in the revised specifi-

I cation.

Safe Ovoratina Areas

It is not sufficient to specify a safe operating area without limit-

Ing some other conditions simaltaneously. The following conditions most

J be satisfied in order to achieve reliable operationa

i
i
i



I
I, - APPENDIX III (CONTI.'UED)

Base Current

The bse* current is resronsible for collector current concen-

tration in the 4unction. Tire higher the base current, the nigher

[ tthe current concentration. Especially at positive bame :urrents

during switchiag through tne peak power of 500 W where failures may

occur unless I. is equal to or less than ý.5A.

"Driving Circuit Output 1Res'stance

If a current anurce woula be used to drave the transistor, the

positive IB would be independent of the input impedance of the tran-

sistor. For instance, if the peak power of 800 W is reached, IB may

be IA which may initiate current ooncentritior. by usug a voltage

drive and a maximum source resistance of 4 01o.M the IB is decreasing

after the storage time of the transistor. This enables the 2Nl14O

to absorb the peak power and ensures safe operation.

Maximum Junctiou Temperature and Power Dissipation

It is difficult, and in most cases, not practical to determine

the instantaneous junction terperature. It Must be considered that

calculations give no indication of iocaiizei heati~g or current con-

ceatration in the transistor. Tests indicates that most transistors

will not fail when the switching time is limited to the collector

current fall time resulting from suddenly opening tL.e base provided

a certain average junction temperature is not exceeded. From experi-

euce, a maximum average junction temperature can be specified which

can be easily calculated using average power dissipation.

I
I
I



I
IV - AP'ENDIX III (COrNTIUCD)

Specifying a maximum average power dissipation limits auto-

matially the maximum repetition rate at which transistors can be

operated with a given peak power pulse. A longer collector current

fall time increases the power dissipation during switching and

therefore decreases the allowable frequency.

Switching Tim Between Saturated State and Cutoff

Reducing the positive base current or changing the base current

slowly from a negative to a positive value results in a long col-

lector current fall time. The load line may i•t change considerably,

however, the peak power is applied to the transistor for a longer time.

The junction temperature of a tranwlator with certain thermal time

constants may rise to such a value that the device may be destroyed

or damaged. Therefore, the time in which the load line can be tra-

versed must be limited. Similarly, switching from cutoff to satura-

tion must be accomplished Ln a limited time if the load line is

traversing high power points in the active region. In some inverter

circuits and applications like TY-horizontal deflection circuits,

the load line reache into the area having positive collector currents.

(@ee Figure 7). This operation in the reverse direction does not

damage the transistor.

Ia special oases the switching time, maximum collector current,

maximum base current, etc. may be exceeded. There are no standard

rules or means of calculation available to derate the 291430. The

maximum voltage given by the safe operating area should never be

exceede.
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NgtabUbiM Control Usits

Free the data, the average range R was estimated at .31 mile.

Then A ;/d 2  where

- estimate of standard deviation of the population

R w average range

d2 = constant obtained from Q.C. Handbook, in this case 3.078

9- .31/3.078 - .101 mile

Our sampling plan is based on variables. To obtain a given protection,
it is important to find the distance away fran the specification limits to
which it is permissible to go. This distance is U - k' •6 and L + k *6
where

U - Upper specification I The averages

of samples
L - Lover specification k must be in k'rShere
6'- standard deltion-

k'- - constant h t U(i)
To obtain k'* we goflp tables prepared by Bo-er and Goode , and partially
reproduced in OamAW/ , where e find the fo loving Information.

?br a known-sipa plan for tvo-slded specift tions and ample size n a 10
k* -1.1•4.". The table also tells us that -this is essentially equivalent
to a "single smpling plan by attributes with ample size n=30 and acceptance
maber c-3". This latter Information shall be used In Appendix V.

To obtain our limits, therefore, we have

k'*gm a 1.161 x .101 a .118

U - k'* - 0.94 - .12 a 0.82 mile (coded)

L + k'*d - 0."1 + .12 a 0.58 mils (coded)

NMOT: With the micrometer it is possible to read only to the tenth of a all, and,
te-refore, vhen we have a split tenth we Pound off to the nearest tenth. That
is why our upper specification limit U is called 0.91 instead of 0.90. An
analogous argumnmt holds for the lowe limit L.

A.S. 3c.1.r and P.R. Goode "agplin t an ri lb@esliull, 1952
I2 . L. Grant 'Statistical Qality &at iifvm'
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V . AkPIU V (1-.l.43)

SPrImUile thderlying AOQL SaUEplin Plans.

As Indicated in Appendix IV, our sampling plan by variable. to
eaaoutially equivalent to a single sampling plan by attributes with
sample aise as 30 and acceptance number of os 3. (Note that# in
sampling by variables, we obtain essentially the same rotection with
a aemple sise of no 10# thus cutting down inspection by about 2/3).

In order to obtain further results, it beems necessary to develop
the Operating Characteristic Curve (OC Carve) for the sampUig plan.
Briefly, the CC curve gives us the probability of accepting a lot having
a given percent of defectives in it.

Let p - proportion of defectives in the submitted lot
n a Sample size, in this case 30
Pf a probability of acceptances as obtained from a Poleson Table (3)
o - acceptance nuber, in this case 3

By varying pp we can obtain the following table:

-P- np3-oP P

.05 1.5 .934.08 2.4• .779

.10 3.0 .647

.12 3.6 .515

.15 4.5 .342

.20 6.0 .151

.25 7.5 .059

The C caurm thus evolved to Shown in Figure i. Vim it, we cm
read the answer to question .1. L•.3.3, nel8 WNht Is our LTD,, or
at what percent defective do we have a 90% chance of rejectioon? The
answer to this Is that for 22% defectives Pa o.10 or 10%. Another
way of putting It is to sa that we will rejot this quality or worse
90% of the time.

Let us now develop the equation giving us the average nmber of
unite inspected.

I * la) C ) (I ~' 4Uft4. Na -(U.O)P (I

Sinspected aditional I inspected
in every lot when a lot to rejected

and screamed 100%.

11
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V - IDNTIFICAT N OF POF O•IE

1.1 Personnel

The following changes were made duriag this periods

Added to contrasti

Nussear, John G.

Deleted from contrasti

Fallen, Dennis

NUJSSZA, JOHN G.

Fairmont State B.S. Physics 1950

Beg. Math.

Fairleigh Dickinson U. Graduate Studies, Business

Management

Mr. Nussear Is Germanium Materials Manager, responsible for the trans-

formation of the basic semioonduotor material into a form usable for de-

viae fabriation. Prior to joining Bendix, he was Chief Niaginer -

Smisoendte to Division for Tung-Sol leetrio frm 1960-1962, responsible

for all technology. From 19%6-1960, he served as Manager of the Design

sad Development Department responsible for new product and proeess develop-

meat. From 1953-1956, he was responsible for materials engineering and

was Assistant Manager of the Design and Development Department. From

l91-1953 was employed by the Radio Corporation of Ameriesa as an applied

Ma sist Is the soeomooadeter Chemistry aA "ymIss Laboratory.

1. 2 Engineering Time

DurinR this period 1345 hours were spent by Bendix personnel toward

Jthe fulfillment of the contractual commitments.

I


